Following myocardial infarction the prevalence of major depressive disorder or elevated depressive symptoms is relatively high, at approximately 20%, 1 compared with around 5% in otherwise healthy people of comparable age. 2 Elevated symptoms of depression, as measured with symptom questionnaires such as the Beck Depression Inventory (BDI), are present in around 30% of patients with myocardial infarction. 1 Post-infarction depression has been associated with a worse prognosis, and investigations into the strength of this association have been summarised in a number of meta-analyses, which showed that after myocardial infarction patients with depression were 1.59-2.71 times more likely to die early or have a new cardiovascular event than patients without depression. [3] [4] [5] Such meta-analyses based on summary data, however, have serious limitations. By conducting an individual patient data (IPD) meta-analysis, a new statistical approach in this field, the main limitations can be overcome.
A major point of discussion in this field is whether depression is an independent risk factor for worsened cardiac outcomes, or whether its association with outcome is the result of non-causal mechanisms. 6 Most importantly, cardiac disease severity may confound the association between post-infarction depression and prognosis. Depression and disease severity -as measured by (for example) left ventricular ejection fraction (LVEF) or Killip class -are associated, and evidence suggests that people with more severe cardiac disease have a higher risk of depression. [7] [8] [9] This may be the result of a psychological response to the disease and its consequences, as well as of physiological mechanisms involved in cardiac disease leading to symptoms of depression, such as elevated inflammation, 10 and changes in functioning of the autonomic nervous system or the hypothalamic-pituitary-adrenal (HPA) axis. 11, 12 Evidently patients with more severe disease are also at higher risk of adverse cardiac outcomes, such as new cardiac events, readmittance to hospital and cardiac mortality. Similarly, other medical risk factors such as smoking and diabetes are likely to be associated with both disease severity and depression. 13, 14 Therefore, more severe disease and exposure to other risk factors could result in both a higher prevalence of depression as well as worsened cardiac prognosis, and thereby confound the association between depression and coronary artery disease outcomes.
Individual studies find conflicting results when the association between post-infarction depression and prognosis is adjusted for disease severity, some finding it to be attenuated, whereas others concluded the association remains unchanged. Previous systematic reviews and meta-analyses were only able to provide estimates of unadjusted associations, or very limited estimates of adjusted associations. This is due to the wide variability of adjustments in individual studies, making comparisons across studies impossible. Investigating the effects of adjustment is important, however, as variables related to cardiac disease severity, [15] [16] [17] and other health-related variables, 13, 14, [18] [19] [20] are prognostic factors for all-cause mortality and cardiovascular events, and are associated with depression.
The only way to investigate adequately the effects of cardiac disease severity and other medical risk factors on the association between post-infarction depression and prognosis is to combine data from individual studies into a single database. This has a number of advantages. First, with one large data-set all combined data can be analysed with the same techniques, whereas in summary data meta-analyses results are based on different 90 Adjusted prognostic association of depression following myocardial infarction with mortality and cardiovascular events: individual patient data meta-analysis A. Meijer The association between depression after myocardial infarction and increased risk of mortality and cardiac morbidity may be due to cardiac disease severity.
Aims
To combine original data from studies on the association between post-infarction depression and prognosis into one database, and to investigate to what extent such depression predicts prognosis independently of disease severity.
Method
An individual patient data meta-analysis of studies was conducted using multilevel, multivariable Cox regression analyses.
Results
Sixteen studies participated, creating a database of 10 175 post-infarction cases. Hazard ratios for post-infarction depression were 1.32 (95% CI 1.26-1.38, P<0.001) for allcause mortality and 1.19 (95% CI 1.14-1.24, P<0.001) for cardiovascular events. Hazard ratios adjusted for disease severity were attenuated by 28% and 25% respectively.
Conclusions
The association between depression following myocardial infarction and prognosis is attenuated after adjustment for cardiac disease severity. Still, depression remains independently associated with prognosis, with a 22% increased risk of all-cause mortality and a 13% increased risk of cardiovascular events per standard deviation in depression z-score. Review article statistical techniques, limiting their comparability. Second, the combined data-set offers the possibility of performing new analyses both within and across studies to investigate research questions that were not considered in the original studies. 21 Third, we can adjust consistently for the same variables across studies, providing us with a better estimate of their role in the association between depression and prognosis. Fourth, the combined database contains more raw patient data, which increases the statistical power, generalisability and reliability of the results, [22] [23] [24] [25] providing a more precise estimate of the association between post-infarction depression and prognosis, and of the effects of the individual variables. 24 Finally, time-to-event analyses can be performed, to utilise information on not only whether an event occurred, but also when it occurred, 25 which is one of the main advantages of this form of meta-analysis. 26 The objective of our study, therefore, was to conduct an IPD meta-analysis that allowed for adjustment for a number of important disease severity variables and other health factors that are routinely collected in studies of depression following myocardial infarction.
Declaration of interest

Method
Studies included in our meta-analysis had been previously selected for two regular, summary data meta-analyses on post-infarction depression and cardiac prognosis. 5, 27 A literature search was performed on 5 January 2011 to identify prognostic studies that investigated the association between post-infarction depression and cardiac prognosis since 1975. Depression treatment studies in which baseline depression scores and all-cause mortality or cardiovascular events outcomes were reported were also eligible. Relevant articles were selected from the electronic databases Medline (PubMed), EMBASE and PsycINFO without language restrictions. Search terms related to depression and myocardial infarction were used and customised to each database. Full search strings for each database are listed in online Appendix DS1. In addition to the database searches, major reviews and relevant articles were cross-referenced. Search alerts for the three databases mentioned above were activated to identify relevant studies published after 5 January 2011. All studies included in the summary data meta-analyses were eligible for inclusion in the IPD meta-analysis.
Selection process
The selection process has been described in detail elsewhere. 5, 27 In summary, studies were selected by two independent raters according to the following criteria: (a) patients had to be admitted to hospital for myocardial infarction;
(b) depression had to be determined within 3 months after the myocardial infarction using methods originally designed to assess depression (standard self-report questionnaires or standardised psychiatric interviews) and validated elsewhere;
(c) studies had to be prospective and assess cardiovascular prognosis in a patient group with depression compared with a control group without depression; (d) outcome had to be all-cause mortality or cardiovascular events (the latter defined as either a non-fatal cardiac event or a composite of fatal and non-fatal cardiac events);
(e) the study had to be based on original data.
Authors of all the studies included in the summary data metaanalysis were contacted and invited to participate in the project. Considerable effort was put into finding and contacting authors and in obtaining all available databases. When corresponding authors could not be contacted at the address specified in the original articles, we searched the most recent articles and the internet for updated information on the authors' locations, and tried to contact other members of the research groups. Authors were asked to share their original data regarding demographic factors, depression, disease severity, comorbidities, medication use and outcomes. Data were checked for potential errors, and authors were contacted regarding questions related to the design of their study or the data-sets they provided.
Depression
Depression had to be measured using established self-report questionnaires or standardised structured diagnostic interviews. For the main analyses continuous scores on the self-report questionnaires were used. Dichotomous scores were used for descriptive purposes only, and were based on structured diagnostic interviews when available, and on standard cut-off scores (literature-based) on the self-report questionnaires when no interview was available. When more than one depression measurement instrument was used, standardised structured diagnostic interviews were preferred over self-report questionnaires in constructing dichotomous scores. When several self-report questionnaires were used in the same study, the one most frequently used by the other studies was selected. Across the studies a number of different self-report depression questionnaires were used, so total depression scores on these questionnaires were standardised to z-scores for analyses. This was done within each study. For some patients, depression questionnaire total scores and dichotomous scores were not available owing to missing item scores on the questionnaire. When no more than 25% of the depression items were missing, item scores were imputed with the mean of the available items for that patient, to calculate total scores and dichotomised scores.
Disease severity
To investigate the role of cardiac factors in the association between post-infarction depression and prognosis, LVEF, Killip class and history of myocardial infarction were used to quantify disease severity. These variables were selected because they are known predictors of outcome following infarction, 18, 19, [28] [29] [30] [31] and were available for a sufficient number of patients. These variables may predict both more symptoms of depression, 7 and worse cardiac outcomes. 12 The variable LVEF was dichotomised into low (540%) and normal (540%), as not all studies included continuous values. Killip class was dichotomised into no heart failure (class I) and heart failure (classes II, III and IV), as the four-category scores were not available in all studies. History of myocardial infarction was dichotomised into 'yes' or 'no'.
Other risk factors
Several other health-related risk factors were expected to affect the association between post-infarction depression and prognosis. Of these, diabetes, smoking and body mass index (BMI) were included in the adjusted analyses, as data on these variables were collected for a large number of cases. 13, 14, 18, 19, 32 Age and gender Age and gender were included in the analyses for the minimally adjusted comparison model. They may explain part of the association, as they are both related to the risk of depression and to physical health prognosis.
Outcome: all-cause mortality and cardiovascular events
The outcomes of all-cause mortality and new cardiovascular events were considered in the analyses. All-cause mortality includes cardiac mortality, and it was included because outcome data on all-cause mortality is generally more readily available than specific data on (cardiac) causes of mortality or morbidity. Cardiovascular events as defined most commonly by the original study authors were accepted, and could be either fatal events, non-fatal events or a combination of both. Cardiovascular events included, for example, new myocardial infarction, unstable angina and coronary artery bypass graft (CABG) surgery. All-cause mortality and cardiovascular events may overlap when studies included cardiac death in both definitions.
Study characteristics
For each study the following characteristics were summarised: year that the study was initiated, percentage of men in the sample, inclusion and exclusion criteria, mean age, depression measure, percentage of patients with depression, mean depression scores, duration of follow-up and number of outcome events. Ethical approval was obtained by the individual studies, for which participants signed informed consent forms. The medical ethics committee of the University Medical Centre Groningen stated that no additional informed consent was required for our study.
Statistical analysis
The main analyses were performed in Stata version 11 on Windows XP. All studies except one included continuous depression scores, and a number of studies in addition contained a binary measure of clinical diagnosis of depression. The one study that did not contain continuous depression scores was excluded from our analyses. 33 First, hazard ratios (HRs) were calculated using multilevel Cox proportional hazards regression analysis for the studies with time-to-event data. Second, odds ratios (ORs) were calculated using logistic regression analysis for all studies, including those with dichotomous outcome information only (event v. no event without time-to-event data).
Multilevel model
The individual studies were included as a separate level, resulting in a multilevel model in which the variable 'study' was included as a random intercept. Patient groups in the various studies were likely to differ in systematic ways, for example because of differences in selection criteria, study methods or cardiac care. 21 Observations of participants within studies were therefore unlikely to be fully independent. By incorporating a random effect for 'study' in IPD meta-analysis we accounted for the fact that outcome rates might vary across studies. The possibility of a random slope was also investigated, as the strength of the association between post-infarction depression and prognosis may vary significantly between studies. As this did not appear to be the case, random slopes were not included in the final models. In the Cox regression analyses, contrast coding of 70.5/0.5 was used for dichotomous variables, to ensure between-trial variances were equal between groups (e.g. male v. female). 34, 35 Potential bias due to standardising depression scores within each study, with the risk of overlooking potential differences in effect due to differences in depression severity and prevalence between studies, was investigated by adding a variable to the model that described the level of depression per study ('percentage depressed', based on depression questionnaire scores), as well as an interaction variable of the standardised depression scores and the 'percentage depressed' variable. As the analysis showed that this bias was virtually non-existent, we did not include these variables in the final models.
Bootstrapping
A bootstrapping procedure with 1000 replications was used for the analyses to increase the robustness of the confidence intervals, 36 and to account for the fact that some of the depression z-scores were not distributed normally.
Model construction
The models were built as follows. First, a base model to which subsequent adjusted models could be compared was created by including age, gender and the depression z-scores as predictors of prognosis. As our primary interest was in the influence of individual variables on the association between post-infarction depression and prognosis, we then added each preselected variable separately to this base model in minimally adjusted analyses. Not all studies had data on each of these variables, and to be able to compare differences between the base and adjusted models, cases lacking data on the relevant variable were excluded from the relevant analyses in both models. Cardiac disease severity was represented by history of myocardial infarction, Killip class and LVEF. Diabetes, smoking and BMI were added as risk factors for poor prognosis. A variable was considered to explain a substantial portion of the variance if it changed the effect size (log HR) by 5% or more. 37 Variables that were also significant predictors of outcome (P=0.05) were considered to add substantially to the variance. As not all studies had time-to-event data, additional logistic regression analyses were performed and these models were built in the same way as for Cox regression analyses.
Second, we investigated the extent to which the association between post-infarction depression and prognosis was attenuated by adjusting for all of the risk factors. As not all studies had data on all variables, these multivariable analyses could only be performed with data from a limited number of studies. Nevertheless, this provides the best estimate of the extent to which post-infarction depression independently predicts cardiac outcomes.
Model assumptions
The proportional hazards assumption for Cox regression was tested, as well as the assumption of linearity in the association between post-infarction depression and prognosis. The model assumptions were met in most cases; where they were not, the effects of violation of the assumption were further investigated and determined to be minimal. Analyses were therefore run for these models in the same way as the other models, for the sake of clarity and interpretability of the results.
Patient characteristics
Patient characteristics were presented separately for the depressed and non-depressed patient groups. Differences in these characteristics between these two groups were assessed with independent samples t-tests for normally distributed continuous variables and Mann-Whitney U-tests for non-normally distributed continuous variables. Dichotomous and categorical variables were compared using Pearson's chi-squared test.
Effects of non-participation of eligible studies
To investigate whether there were any systematic differences (acquisition bias) between participating and non-participating studies that might affect the results of the meta-analysis, 38 we compared results of included and excluded studies concerning strength of the association and study characteristics.
Results
A total of 6145 articles were identified through the literature search, cross-referencing and personal communication, of which 28 studies were ultimately included in the meta-analysis. Two additional studies were identified through search alerts and personal communication, 39, 40 resulting in a total of 30 eligible studies. The authors of 16 studies provided data for the IPD meta-analysis, resulting in a combined database of 10 175 patients (Fig. 1) . Fourteen studies were not included: seven because the authors could not be contacted, five because data were not available and two because the authors were not interested in participating. An overview of participating studies is given in online Table DS1 . Complete reports of study design and methodology of the individual studies are published elsewhere. 20, 31, 33, [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] An overview of non-participating studies is given in online Table DS2 .
Study characteristics
The 16 participating studies originated from nine different countries. The mean sample size was 615 participants per study (s.d. = 711, range 61-2889). Studies originated from 1985 to 2006. Mean patient age per study ranged from 56 years to 65 years (mean 61) and the proportion of male participants ranged from 33% to 85% (mean 72). All studies included patients with myocardial infarction based on standardised diagnostic criteria. Most of the exclusion criteria concerned life-threatening illnesses or psychiatric disorders other than depression, myocardial infarction due to a surgical procedure (e.g. CABG or valve replacement), or cognitive or communication difficulties.
Depression was measured with a self-report depression questionnaire, a structured clinical interview, or both. The selfreport depression scales that were used included the Beck Depression Inventory versions BDI-1A, BDI-II and BDI -Fast Screen (BDI-FS), the depression subscale of the Hospital Anxiety and Depression Scale (HADS-D) and the Zung Self-rating Depression Scale (SDS). Structured clinical interviews included the Depression Interview and Structured Hamilton (DISH), the Composite International Diagnostic Interview (CIDI) and the Structured Clinical Interview for DSM Disorders (SCID). The percentage of participants with depression was lower when based on diagnostic interviews (11-15%) than when based on elevated symptoms on self-report questionnaires (17-69%). Follow-up time ranged from 350 days to 2428 days (1-6.7 years), with a mean of 1151 days (3.2 years).
Patient characteristics
Individual patient data were combined for 10 175 persons with myocardial infarction; of these, 4043 (40%) had major depression or elevated symptoms of depression and 6132 (60%) were not depressed (note that some studies may have oversampled patients with depression, so these numbers may overrepresent depression percentages). Nineteen per cent of patients had a history of one or more myocardial infarctions prior to the index episode, 23% had low LVEF and 18% had a Killip class higher than I. Twentyone per cent of those measured had comorbid diabetes, 45% were (ever) smokers and the mean BMI was 27 kg/m 2 ( Table 1) .
Adjusted association between post-infarction depression and prognosis
Cox regression analyses
Base model (adjusted for age and gender). Figure 2 shows survival curves for the two outcomes all-cause mortality and cardiovascular events, with separate lines for the depressed and non-depressed patient groups, adjusted for age and gender. Rates of all-cause mortality were stable over time, and were consistently higher for the depressed group than for the non-depressed group. Rates of cardiovascular events were highest soon after the infarction and became relatively stable after about 1 year; again, rates were higher in the depressed group than in the non-depressed group. The base Cox regression model for all-cause mortality (adjusted for age and gender) produced a hazard ratio for depression (z-scores) of 1.32 per s.d. (95% CI 1.26-1.38, P50.001). Adjustment for age and gender increased the strength of the association between post-infarction depression and all-cause mortality by 17% (Table 2 ). In the cardiovascular events model the hazard ratio (adjusted for age and gender) for depression (z-scores) was 1.19 per s.d. (95% CI 1.14-1.24, P50.001). Adjustment for age and gender did not substantially alter the strength of the association between post-infarction depression and cardiovascular events (Table 3 ).
Univariate models. All three cardiac disease severity variables explained a substantial portion of the association between post-infarction depression and all-cause mortality, with the dichotomised variables of Killip class and LVEF explaining 19% and 15% respectively and history of myocardial infarction explaining 8%. Of the general health variables (diabetes, smoking and BMI) only diabetes explained a considerable part (7%) of the association between post-infarction depression and all-cause mortality. Table 2 summarises the unadjusted and adjusted analyses. For cardiovascular events, all three variables relating to cardiac disease severity explained a substantial portion of the association with post-infarction depression, with the dichotomised variables of Killip class and LVEF explaining 12% and 10% respectively and history of myocardial infarction explaining 9%. Of the general health variables again only diabetes explained a considerable part (7%) of the association ( Multivariable models. The results for all-cause mortality are based solely on the three studies that included all variables (history of myocardial infarction, Killip class, LVEF, diabetes, smoking and BMI). When all the variables were combined in one model, the adjusted HR for all-cause mortality was 1.23 compared with 1.33 unadjusted, an attenuation of 28%. All variables except gender and BMI independently explained part of the association between post-infarction depression and prognosis. Survival curves are shown in Fig. 3(a,b) . Adjusting for the three cardiac disease-related variables only, the HR for all-cause mortality was 1.22 compared with 1.32 unadjusted, an attenuation of 29%; this means that these variables are responsible for nearly all of the attenuation in the full model. Model fit improved when age, gender, history of myocardial infarction, LVEF, Killip class and diabetes were subsequently added. Model fit did not improve after further adjustment for BMI and smoking. For cardiovascular events, when combining all general health and disease severity-related variables in one model, the adjusted HR was 1.12 compared with 1.17 unadjusted, an attenuation of 25% (only two studies contained all these variables). All variables except BMI independently explained part of the association between post-infarction depression and prognosis. Survival curves are shown in Fig. 3(c,d) . Adjusting for the three cardiac diseaserelated variables only, the HR for cardiovascular events was 1.13 compared with 1.17 unadjusted, an attenuation of 21%; this means that these variables were responsible for most of the attenuation in the full model. Congruent with the all-cause mortality analyses, model fit improved when subsequently adjusting for age, gender, history of myocardial infarction, LVEF, Killip class and diabetes. Model fit did not improve after further adjustment for BMI and smoking.
Logistic regression analyses
Five studies (n = 2468) did not have time-to-event data, and therefore logistic regression analyses were performed in addition to the Cox regression analyses. Of the 8366 patients who had depression z-scores as well as outcome data on all-cause mortality, 1136 (14%) died. Of 3206 patients with depression, 636 (12%) died, and of 3206 patients without depression, 500 (16%) died. Of the 8878 patients who had depression z-scores as well as outcome data on cardiovascular events, 3067 experienced a fatal or non-fatal cardiac event (35%). Of 3747 patients with depression, 1449 (39%) experienced such an event, and of 5135 patients without depression, 1168 (32%) experienced an event.
Base model (adjusted for age and gender). Table 5 ). Adjustment for age and gender did not substantially alter the strength of the association between post-infarction depression and cardiovascular events.
Univariate logistic models. For the all-cause mortality and cardiovascular events analyses, the variables diabetes, history of myocardial infarction, LVEF and Killip class each explained a substantial part (5% or more) of the association between post-infarction depression and all-cause mortality and improved model fit. The variables smoking and BMI did not add to the model (Tables 4 and 5 ).
Multivariable logistic model. When all variables were added to the model at once, 3 studies and 2225 patients remained, and the (Table 5 ).
Participation
Of the 30 studies that were included in the summary data metaanalyses, the authors of 14 studies participated and contributed their data. In addition, 2 studies that were published after the summary data meta-analysis contributed their data. Combining all available studies resulted in inclusion of 51% (10 175 of 19 859) of eligible patients. To estimate the impact of nonparticipation of studies on the association, 2-year ORs for postinfarction depression were compared for included and excluded studies, as 2-year follow-up data were available for most studies. For comparison purposes this was done on the studies that were included in the original summary data meta-analysis. For excluded studies that reported on all-cause mortality, the unadjusted OR was 1.98 (95% CI 1.62-2.42, P50.001) and for included studies the unadjusted OR was 2.45 (95% CI 1.46-4.14, P50.001), with no significant difference. However, for cardiovascular events the ORs of excluded and included studies differed significantly (P = 0.04), with an unadjusted OR of 1.83 (95% CI 1.40-2.39, P50.001) for excluded studies and 1.34 (95% CI 1.17-1.54, P50.001) for included studies.
Discussion
The association between post-infarction depression and all-cause mortality and cardiovascular events was partly attenuated -but remained significant -after adjustment for cardiac disease severity and other health variables. In Cox regression analyses, adjusting for cardiac disease severity (history of myocardial infarction, LVEF and Killip class) resulted in an attenuation of 29% in the all-cause mortality model and 21% in the cardiovascular events model. Adjustment for the health-related variables smoking and BMI did not attenuate the association between post-infarction depression and all-cause mortality or cardiovascular events, but adjustment for diabetes attenuated the association for both outcomes by 7%. In logistic regression analyses the results were similar. The fact that after attenuation for variables indicating cardiac disease severity the association between post-infarction depression and prognosis remained can mean several things. First, adjustments for more variables indicating disease severity may result in stronger attenuation. Second, mechanisms other than disease severity are likely to be involved, which may be either mediators in the association between depression and cardiac disease occurring after depression onset, or causal factors preceding both depression and cardiac disease. For example, depression has been associated with changes in autonomic nervous system functioning and in HPA axis activity, 11, 56, 57 increased inflammation, 11, 58 and platelet reactivity. 11, 59, 60 These physiological processes may be particularly disturbed in patients with depression following myocardial infarction, and they are all involved in the development and progression of cardiovascular disease. They may therefore be mediating mechanisms through which depression in these patients can affect prognosis. These processes may, however, also be involved in both the onset of depression and of cardiac disease progression, in which case they are confounders of the association between post-infarction depression and prognosis. In addition to physiological mechanisms, behavioural mechanisms may be involved as mediators. Depression following myocardial infarction has been associated with a range of behaviours that are unhealthy and may increase the risk of mortality and new cardiac events. Patients with depression have poor medication adherence, [61] [62] [63] and low adherence to rehabilitation programmes. 64 Moreover, they display more generally unhealthy behaviours, such as maintaining a high-fat diet, smoking and a lack of physical exercise. [65] [66] [67] These unhealthy behaviours may be the result of psychological mechanisms associated with depression. For example, low self-efficacy in such patients may imply they are less likely to believe they can control and influence their prognosis, for example by changing unhealthy behaviour patterns. In a sample of patients with heart failure, low self-efficacy was associated with poor adherence, 68 and in another study low self-efficacy predicted poor self-management behaviours in patients with myocardial infarction. 69 Interestingly, self-efficacy appears to be associated with poor adherence and health status independently of depression. [68] [69] [70] However, evidence also suggests that the association between self-efficacy and worsened prognosis is caused by worse cardiac disease severity in patients with low self-efficacy, 71 which is consistent with the confounding role of disease severity in the association between depression and prognosis.
The attenuation after adjusting for LVEF and Killip class was somewhat stronger for all-cause mortality than for cardiovascular events in both time-to-event (LVEF 15% v. 10%, Killip class 19% v. 12%) and logistic (LVEF 12% v. 8%, Killip class 13% v. 7%) regression analyses. This is unexpected, as these variables appear to be more strongly related to cardiac disease than to all-cause mortality and would therefore be expected to explain more of the association between depression and cardiac outcomes than of the association between depression and all-cause mortality. Potentially, however, poor Killip class and low LVEF -symptoms of heart failure -are markers of poor health in general. Heart failure is often comorbid with other serious health problems such as lung disease, obesity and diabetes, with 40% of people with heart failure having more than five comorbid conditions. 72 Any of these health problems might escalate and cause mortality, not just cardiac disease. 72 This might explain why adjusting for LVEF and Killip class attenuates the association between depression and all-cause mortality more than it does the association between depression and cardiovascular events, as patients with low LVEF or Killip class have a higher risk of dying early of any cause, not just cardiac causes, than do patients with normal LVEF or Killip class.
Results in the context of previous studies
The attenuation of the association between post-infarction depression and cardiac prognosis after adjustment is a consistent finding in studies in this field, 4,15-17 but identifying the factors that cause this attenuation has proved to be difficult thus far. In the summary data meta-analysis preceding this IPD metaanalysis, 5 reported analyses adjusting for a number of factors including variables relating to disease severity attenuated the association between post-infarction depression and prognosis by on average 21%. However, adjusted analyses were reported in a limited number of studies only, using different sets of variables, and adjustment was made for several variables at once, making it impossible to see to what extent individual variables were responsible for attenuation. The fully adjusted model in this IPD meta-analysis resulted in slightly higher attenuation than the summary data meta-analysis. Similar, but greater, attenuation was found in another summary data meta-analysis by Nicholson et al. 4 They reported that a pooled OR of adverse outcomes in depressed v. non-depressed myocardial infarction patient groups, adjusted for diverse variables, was attenuated by 41%. So overall, it appears that in this study we have identified the disease-specific variables that are responsible for the largest portion of the attenuation known so far.
The summary data meta-analysis preceding this IPD metaanalysis resulted in ORs of 2.25 for all-cause mortality, 2.71 for cardiac mortality and 1.59 for cardiovascular events. Similar effect sizes were reported in other meta-analyses. 3, 4 Our meta-analysis resulted in HRs of 1.32 for all-cause mortality and 1.19 for cardiovascular events. This apparent difference in the effect size is mainly due to the fact that these ratios were based on different analyses. The associations in the previous meta-analysis were based on (maximally) 2-year follow-up data, dichotomised depression scores and logistic regression analysis. The main associations in our meta-analysis are based on longer follow-up data, continuous depression scores and Cox regression analyses. In previous meta-analyses dichotomous depression scores were used, so the effect sizes represented the increase in risk associated with the difference between patient groups with and without depression, which is a large difference. With the use of continuous depression scores, the hazard ratios in this IPD meta-analysis represent the increase in risk associated with 1 s.d. increase in continuous depression scores, so the steps involved are smaller and results are more precise. All these differences, and the fact that the risk of spurious results due to low numbers of events is small in the IPD meta-analysis, explain these apparently different results in the IPD meta-analysis compared with the summary data metaanalysis. As depression is by nature a continuous variable instead of a dichotomous variable, expressing the effect on prognosis per s.d. is more accurate than expressing it dichotomously.
Strengths and limitations
Individual studies often lack power to adjust for several variables, and summary data meta-analyses are limited to combining reported data. Instead, combining individual patient data provides more statistical power, consistent analysis of data across studies and the possibility of additional analyses not performed in the original studies. Most important for this study is that IPD meta-analysis allowed us to investigate in detail some of the variables responsible for the attenuation of the association between post-infarction depression and prognosis. In addition, time-to-event analyses could be performed. As time-to-event analyses combine the occurrence and timing of events, 25 they are more reliable and stable than (for example) odds ratios, which are often used in summary data meta-analyses. This resulted in a relatively accurate estimate of the effect of cardiac disease severity on the association between post-infarction depression and prognosis.
There were also a number of limitations to this study. First, the analyses were to some extent limited in power, as not all studies participated, and not all of those that did reported the variables we selected for analysis. For example, for analyses with Killip class and LVEF, only six and five studies respectively were available. However, these analyses were still based on a large number of patients, and there is no other way to perform such analyses. Therefore they do have an added value in summarising the role of these variables in the association between post-infarction depression and prognosis.
With regard to participation, of 30 eligible studies, 16 were included, of which the majority were from Western high-income countries. Although low, this level of participation is common for IPD meta-analyses of observational studies; 21 Schmid et al achieved participation by 11 of the 14 researchers of clinical trials, 73 but Sternberg et al achieved participation by 13 of 24 (54%) observational studies, 74 and Wicherts et al only 64 of 249 studies (26%). 75 For cardiovascular events the odds ratios in eligible non-included studies were higher than those in included studies (1.83 v. 1.34). This suggests that, for this outcome, the IPD meta-analysis potentially underestimates the strength of the association. However, the higher, more extreme odds ratios in the non-included studies came from the smaller studies. These, if included, would have had a relatively smaller effect on the overall combined OR than the larger included and non-included studies, in which the ORs were more moderate. In addition, there was no other appreciable difference between the eligible studies that were included and those that were excluded. We therefore concluded that the data available for this IPD meta-analysis, and the results of the analysis, are fairly representative of people experiencing myocardial infarction in high-income countries, and that the benefits of analysing IPD outweighed the potential effects of excluding relevant studies.
Two of the included studies (ENRICHD and MIND-IT; see online Table DS1 ) were trials of depression treatment. As these studies collected information on both depression and outcomes, they were considered relevant for answering our research question. Their data may differ from those of observational studies, as patients were treated for depression, which may affect depression as well as all-cause mortality and cardiovascular outcomes. However, the depression scores that were included in the analyses for this study were obtained before treatment started and were therefore not affected by the interventions. In addition, the interventions were at best moderately effective in reducing depression and did not have an effect on all-cause mortality and cardiovascular outcomes. [76] [77] [78] An inherent problem of IPD meta-analysis is that individual studies use different methods to assess relevant variables. In our meta-analysis variables were harmonised across studies, with the main issue being depression measurement. However, such harmonisation always contains the risk of combining measurements based on different underlying constructs. 79 For depression, however, most studies used the BDI, making their data comparable. The other questionnaires used were the BDI-FS, HADS-D and Zung SDS, which are highly correlated with the BDI. Item response theory methods of harmonisation could not be used here, as they require individual depression item scores, which were not available for 4 of the 16 studies. Standardising depression scores within each study might introduce bias by levelling out any differences in depression severity and prevalence between studies, which might affect the strength of the association between post-infarction depression and prognosis. If the strength of the association were different for patients with less severe v. more severe depression, this would not be accounted for by these standardisation methods. We therefore investigated whether this bias was present in our study by adding a variable to the model that describes the level of depression per study (percentage depressed based on depression questionnaire scores), as well as an interaction variable of the standardised depression scores and the percentage depressed variable. If this interaction variable were a significant predictor in the model, this would mean that the association between depression and prognosis was moderated by level of depression. This, however, was not the case (HR = 1.00, 95% CI 0.99-1.01, P = 0.9). We are therefore confident that this potential bias did not affect our results.
Although LVEF, history of infarction and Killip class are important predictors of post-infarction mortality and morbidity, they are not the only risk factors associated with worsened prognosis. Other important variables that are related to disease severity, for example heart rate, blood pressure and treatment with percutaneous transluminal coronary angioplasty or CABG, 80 could not be included in the analyses. Similarly, a number of non-cardiac comorbidities, such as chronic obstructive pulmonary disease and kidney disease, are known to be associated with worsened outcomes. 81 Also, the type of treatment in the acute phase and subsequent pharmacological treatment can affect outcomes. Finally, behavioural variables that were not incorporated in the model can attenuate the association. In a sample of patients with stable coronary artery disease, Whooley et al found that physical activity was an important confounder of the association. 37 Adding these variables to a prediction model is likely to result in additional attenuation of the association between post-infarction depression and prognosis. However, related research suggests the association may remain: Kronish et al, for example, found that depression after acute coronary syndrome remained associated with all-cause mortality, even after adjusting for Global Registry of Acute Coronary Events (GRACE) risk score and LVEF, 82 and Meurs et al found similar results after adjusting the association for GRACE risk score in patients with myocardial infarction. 83 Finally, the outcome of all-cause mortality is somewhat imprecise in investigations of the association between postinfarction depression and prognosis. First, in some studies cardiac deaths may be included in the outcome 'cardiovascular events' as well as in the outcome all-cause mortality. Therefore, the results of the analyses for the two outcome measures are based in part on the same event data. Second, as all-cause mortality includes deaths from non-cardiac causes, the results of this study might encompass a part of the association between post-infarction depression and prognosis that is not specific to cardiac disease. However, the reason to use all-cause mortality was that the outcome data available in studies of post-infarction depression often include mortality without specified causes of death. This was preferred over excluding studies without cardiac-specific outcome measures, which would have considerably reduced the number of available studies and otherwise relevant data. In addition, all-cause mortality includes cardiac mortality, and data on cardiac mortality and morbidity were analysed separately to obtain results that were maximally specific. As all-cause mortality includes non-cardiac mortality, the proportion of variance in the association between post-infarction depression and all-cause mortality explained by cardiac disease severity might be smaller than it would be if only cardiac mortality were included. This is because part of the association between post-infarction depression and allcause mortality is non-specific for cardiac disease and may therefore not be affected by adjusting for cardiac disease-related variables.
Implications of the study
This study represents an important step forward in understanding the association between post-infarction depression and prognosis, as it is the first time that the amount of attenuation of this association by cardiac disease severity has been systematically quantified. Therefore, an important part of the inconsistencies in previous literature, due to conflicting results and methodological issues, has been solved. It appears more severe cardiac disease is a common underlying factor resulting in both poorer prognosis and higher risk of depression. In addition, however, post-infarction depression remains independently associated with poorer cardiac prognosis, despite this attenuation. This means either that it is depression itself that adversely affects outcomes, or that unknown mechanisms can further explain the association.
Future research should focus not only on the mechanisms through which post-infarction depression is associated with poorer cardiac outcomes, but also on better ways to treat such depression. As depression is widely recognised to be an extremely heterogeneous concept, with many different causes, symptom profiles and clinical courses, there currently is a movement towards more individualised treatments. Within such individualised depression care for patients following myocardial infarction, integrating depression treatment and treatment of major indicators of cardiac disease severity could help improve prognosis, which post-infarction depression treatments as yet have not achieved.
On Jaspers' General Psychopathology Matthew R. Broome Jaspers' General Psychopathology was first introduced to me as a medical student in Birmingham in the seminars led by Ian Brockington, and clearly seemed to be a book of importance to psychiatry as evidenced by copies on the shelves of consultants, and the reverence by which it was referred to. I had come to psychiatry as a medical student hoping it may provide a way for me to bring together an interest in both neuroscience and philosophy. Reading Jaspers, what struck me were his powerful accounts of delusional mood and primary delusions, the role of neurology in understanding mental life and its relationship to descriptive psychopathology, and his delineation of explanation and understanding but I was confused by both Jaspers' own methodology and what he and psychiatrists meant by 'phenomenology'. I had read some Husserl, Heidegger and Sartre as a preclinical student and my understanding of phenomenology was rather different to that which I found in Jaspers.
Many of the themes raised by Jaspers remained of importance to me as a psychiatry trainee at the Maudsley and Bethlem Royal Hospitals. His 1912 essay, 'The Phenomenological Approach in Psychopathology', reprinted in the British Journal of Psychiatry and in The Maudsley Reader in Phenomenological Psychiatry, remained a discussion paper in our seminars. This and my prior reading of Jaspers inspired an interest in trying to study empirically delusion formation in a cohort at clinical high risk for psychosis, and more generally how functional neuroimaging can be used to study psychopathology, and I was fortunate to work with Philip McGuire and his group. Jaspers' philosophical approach to psychopathology was, for me, raised in importance by the challenge that cognitive models of psychosis, such as that elaborated, for example, by Chris Frith in The Cognitive Neuropsychology of Schizophrenia, where the boundary between explanation and understanding gets blurred and the seemingly baffling Schneiderian symptoms of schizophrenia are rendered amenable to some kind of psychological understanding, albeit not in the hermeneutic sense Jaspers meant. This optimism of a scientific psychopathology, based on cognitive neuroscience, seemed a project worth pursuing and one that became more relevant as research turned to studying symptoms transdiagnostically.
For the trainee, the two black volumes that make up the most recent English-language edition of the General Psychopathology can be an imposing read but one I would recommend. Jaspers can be obscure and unclear but with persistence, passages of great clarity and perspicacity can be found, many with great contemporary relevance. Psychopathology is a living subject, as is clear from the concerns about the iterations of the international classifications, and we should not assume that the list of psychopathological symptoms and signs is complete and static, and that we know what they are and how to measure them. Psychopathology is a dynamic and evolving subject and the experiences our patients bring to us will change as quickly as the world in which we live changes. Jaspers General Psychopathology is not a book of the past, a fossil of psychiatry, but a guide for us for the future. a. Number of patients included in the IPD meta-analysis. b. Depression measurement instrument used in the IPD meta-analysis. c. Part of the non-depressed control group came from an ancillary study and some of the patients in the non-depressed control group had low social support. Patients with depression were oversampled for the purpose of the study.
